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© Sulfated tocopheryl oligosaccharides and antiviral 

active ingredients In the E^JlSSbTl I f 9 ,0C ° phery ' Saccharides as 

in the terminal sugar moiety of mZZ^£!5SZ o^To^T FTJ ^ 
monosaccharide units selected from the n m .,« , " s,sts of 3 20 of identical or different repeating 

aliose. glucose, xylose aSi^e ^n^Z^ f 9 UCOS \ 9a,ac,ose ' «*». Wose, a.trose 

a tocophero. group. In tfmVcyTated SoS. „ "f ^ ""^ ^ O^^nked. is substituted by 

other than the hyLq J^grouTT^X^T^S; *"* * "? "»* * «"> -gar moiety" 

above, is protected by an acj. group 7^^^ ^171^ ^ " ** ^^charide described 
the biological accejtabi ^^^L^STlSf? ? SU '! ated ^saccharides or 

antiviral action, especial.y against the mlSi ^ ^ ^ ^ 
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sunmrd •-■»—» „„.„.,«* compounds. ^ irnprn^ 

M a^'c^^s stud- carried cut by me mv« i= — , ^^es. end ~ 
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According to a further aspect of the present invention, there is provided a pharmaceutical wmDositioTT 
,0C ° Phery ' ° K90SaCCharid8 ° r ,he bi0 '°9-»V acceptabie sa't of the Ze Z 

aooa^nt^^r^f 5 ' eff H eC,S '. ,eatures > and advantages of the present invention wil) become more 
apparent from the followmg description of preferred examples thereof. 

Detailed Description of the Invention 

The present invention provides novel tocopheryl oligosaccharides, acylated tocopheryl oligosaccharides 

TJ^JZ p Z:^ acc ™ des - and antivira ' 39en,s inc,udin9 ,he su,fated I~5S5 

„J£ ?n 9ai u °, ^ 0,i 9 0saccharid8 moieties in the tocopheryl oligosaccharides, or the acylated or 

2£L ' " °" 9 ° saCCharideS aCCOrdin9 ,0 ,he inve "«°n ^lude the dentSro^diSen 

repeatrng monosacchandes selected from the group consisting of glucose, galactose, mannose taSe 
.dose, attrose. allose. glucose, xylose, arabinose. rhamnose. fucose, and fructose mannose . ^lose. 

In view of antiviral activities, the number of the identical or different repeating monosaccharides of th* 

suSi L , he t mo " osacch ^s is preferably in the range of 3 to 20 in consideration of T vivo 
su.tabrf.ty and an .coagulant properties, which exhibited in the case of the sulfated polysaccharides 

With regard to the glycoside-linkages between the monosaccharides of th e olioosaccharide mn!^ •„ 

agent accord.ng to the present invention, any of (1-2)-, (1-3)- (1-4)- and M -fi w,h^ Jlr l - 

- *— Is iM - - r 

Therefore as the oligosaccharide moiety in the sulfated tocopheryl oligosaccharide accordino to ih« 

Zt '^ST^lT'^ WhiCH ^ 3 ^ -alltcompSZ prop! 

£ Tl P companson wth th e o-configurational derivative. On the other hand the recio- 
(SSat °" 90SaCCharide ™ ie * be preferab,y in the <1-3>or (1-6^^^^ 

nIin ^ ^ arT \ P ' 8 ; « h e oligosaccharide moiety described above includes preferably a /)(1-3)oligoqlucose fan 
oE P d h an H Wh ' Ch 9 ' UC0Se m ° tetieS are W^»ycosfde-.inked) in other wofds. an oSctharide 
?SS V d ~ 0mpoS,,,on of a Polysaccharide such as curd.an. .aminarane. or the like' an o iKSSde 
■n wh,ch galactose ,s W-^g.ycoside-linked at the 4-position in the galactose moiety of^Sse andt 
mSS'c^^r 68 " "^ 4 >° , ^ side - |i ^ -cession to th'e newly ZZeJTga^ 

»" ' ' *->-■> ~ wx-i UMwuotiui.HrMi >«'»' • * nunamo.rrsco »o . A , 

"V: " ™ J " - u — ■ •» ^^u,s to use a mannose-fype oii 0 osacch?n<?'A, *n . 

rh^ e i!T P ' e ; I!" USaWe 0li90saccharic,e moie, y deludes malto-oligosaccharide. laminari-o«r Q osac- 
9aSl;4^?S a l^ 0, - 3 PUr!a " e -^ ^ccharide. a' lacTose^n^ 

.t» r Z """"" — ° ^.en-type ougosacchando, or the iike. A part of the hvdroxv ormm, nf 

T SUbS,i,Uted ^ 3ny SUbSti,Uted 0f —bstituted amino groups ^ ' P 
of a^^fooTv^h T 6 ! Ca " 1)6 ChemiCa " y Pr0duced by means of a " acid decomposition reaction 

ih* .II 9 ' 3Ctose -^ pe o«90saccharides wherein galactoses or galactose-type oligosaccharides are linked to 
sm bZoZ 6 ' e f h Can *" T heSi2ed bV meanS ° f 3 ,ermen,a,ion syn^is'meS^ng 3 ;^^ 

The sugar having a lactose skeleton at the terminal thereof includes for examnl P 4R-Hin_/« 
*1-4),actose. ^C-galac.osy«(1-4)ga.ac,osy|.«1- 4 )ga.acfosyM(1^4,,ac^ o?the Kn St 
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a Mn ha chemically elongated using the sugar" 
ns of the fermentation method can be cnemiw y 

, 5 hydrocarbon such as ^tnyie oligosaccharide is reacted wrtna w i» as ^ 

chloride, tin chloride, boron 

hours to 

^^oo of tne Lewis acia. ms . .. ran 

Z C derivatives arc t ^ 3 ornnos - ths tecopneryi o,y«^ ; ^ 

. . ( crotecuve - - - ~;hnvirfc or amnw««»« 



50 



55 



EP 0 506 048 A1 



filtration, a dialysis membrane, or the like. The solution from which the inorganic salt jsTemoved is poured 

into a solvent such as acetone, an alcohol, or the like to obtain the desired sulfated tocopheryl -eiigosac 

charide by a reprecipitation method. 

The sulfation degree is indicated by a sulfation index. The sulfation index (%) is equal to the number of 
5 sulfated hydroxy groups divided by the number of all hydroxy groups which have the potential to be 
sulfated, multiplied by 100. 

For example, in a tocopheryl oligosaccharide having five hexanoses, if all hydroxy groups are sulfated, 
the sulfation index (%) is 100% according to the following equation: 

io 16/16 x 100 (%) = 100% 

H only two hydroxy groups of the 16 hydroxy groups are sulfated, the sulfation index (%) is 12.5% as 
foflows: 

75 2/16 x 100 (%) = 12.5% 

In order to obtain the desired sulfation index, the amount of the sulfating agent is adjusted based on the 
total number of hydroxy groups of a tocopheryl oligosaccharide. 

The toxicity of the oligosaccharide is inversely affected by the sulfation index of the same. The antiviral 
20 activity of the oligosaccharide is proportionally affected by the sulfation index. Therefore, 10% or more of 
the all hydroxy groups of the glycoside should be sulfated, and it is preferable that the sulfation index be as 
high as possible. 

The biologically acceptable salts are those derived from such biologically acceptable cations as sodium 
ton, potassium ion, magnesium ion, and the like. 
25 Examples of acceptable sulfated tocopheryl oligosaccharides according to the present invention are 
listed below. In the list, the "sulfated compounds" have a sulfation index of 10% or more. 

1) Sulfated tocopheryl oligosaccharides having the identical repeating monosaccharides 

30 Sulfated dl-a-tocopheryl /3- D-glucopyranosy 1(1— 3)-0-D-glucopyranosy 1(1— 3)-0- D-glucopyranoside; 

Sulfated dl-a-tocopheryl 0- D-glucopyranosy 1(1— 3)-0-D-gIucopy ranosy 1(1— 3)-/9-D-glucopy ranosy 1(1— 3)- 
£-D-glucopyranoside; 

Sulfated dl-a-tocopheryl 0-D-gIucopy ranosy 1(1 — 3)-0-D-g!ucopyranosy 1(1— 3)-/9-D-gIucopy ranosy 1(1-3)- 
0-D-glucopy ranosy 1(1— 3)-0-D-glucopyranoside; 
35 Sulfated di-a-tocopheryl 0-D-glucopy ranosy 1(1— 3)-0-D-glucopy ranosy 1(1— 3)-/3- D-glucopyranosy 1(1 — 3)- 
0-D-g!ucopyranosyl(1— 3)-0-D-gIucopy ranosy 1(1— 3)-0- D-glucopyranoside; 

Sulfated dl-a-tocopheryl /5-D-gIucopyranosyl(1— 3)-{0-D~glucopyranosyl(1— 3)}„-j9-D-glucopyranoside; 

Sulfated dl-a-tocopheryl /3- D-glucopyranosy 1(1— 4)-0-D-g!ucopyranosy K1— 4)-0- D-glucopyranoside; 

S;;»r&^! « tr^cp-cry! £ - p y r?r!esy ■ J 1 — 4}-/?-D-«;» ^opyr^rosv;(W4Vo-t>^IoCOoyranG3v!'t-^4* • 

^' t* ~ « ' 

Stated dhfT-foconneryi fc-u-gjucopy ranosy i— 4)-£-D-^uuopyfa*»voy;(l— 4} ^^-y^ccpvTancsy!;"! -4) 
/3-D-glucopyranosyl(1— 4)-j8-D-glucopyranoside; 

Sulfated dl-a-tocopheryl 0-D-gIucopy ranosy 1(1— 4)-0-r>gIucopyranosyl(1- 4>/3-D-gIucopyranosyl(1— 4)- 
£-D-gIucopy ranosy 1(1 — 4)-/S-D-gIucopy ranosy 1(1 — 4)-0-D-glucopyranoside; 
45 Sulfated dl-a-tocopheryl 0- D-glucopyranosy 1(1— 4)-{£-D-gIucopy ranosy 1(1— 4)} n -0-D-g!ucopyranoside; 

Sulfated di-a-tocopheryi a- D-giucopy ranosy 1(1— 4)-a-D-g;uC0pyrano3y 1(1 — 4}-^D^iuccpyrancs:de; 

Sulfated dl-a-tocopheryl a-D-glucopyranosyl(1 — 4)-a-D-glucopyranosy 1(1 — 4)-a-D-g!ucopy ranosy 1(1— 4)- 
/3-D-glucopyranoside; 

Sulfated dl-a-tocopheryl a- D-glucopyranosy 1(1 — 4)-a- D-glucopyranosy 1(1 — 4)-a-D-glucopy ranosy 1(1— 4)- 
so a-D-glucopyranosyl(1— 4)-/3-D-g!ucopyranoside; 

Sulfated dl-a-tocopheryl 0-D-glucopyranosyl(1— 4)-a-D-glucopy ranosy 1(1— 4)-a-D-glucopyranosyl(1-4)- 
a-D-glucopyranosy 1(1 —4)-a-D-gIucopy ranosy 1(1 — 4)-/3-D-g!ucopyranoside; 

Sulfated dl-a-tocopheryl a-D-glucopy ranosy 1(1— 4)-{a-D-glucopy ranosy 1(1— 4)}„-£-D-g!ucopyranoside; 
Sulfated dl-a-tocopheryl ^-D-glucopyranosy 1(1— 6)-/8-D-glucopyranosyl(1- 6)-£-D-glucopyranoside; 
55 Sulfated dl-a-tocopheryl 0-D-g!ucopy ranosy 1(1— 6)~0-D-g!ucopy ranosy 1(1— 6)-0-D-glucopy ranosy 1(1— 6)- 
0-D-glucopyranoside; 

Sulfated dl-a-tocopheryl /3-D-gIucopy ranosy 1(1 -6)-0-D-gIucopyranosy 1(1— 6)-0- D-glucopy ranosy 1(1-6)- 
0-D-glucopyranosyI(1— 6)-0-D-glucopyranoside; 
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Sulfated dl-a-tocopheryl ^-[>gIucopyranosyl(W6h/3-D^lucopyranosyI(W6)-FO=gtccopyranosy!(1-t,6)- 
)8-D^!ucopyranc^l(W6)-^-D-g!ucopyranosy[(1^6)-i3-D^giucopyranosid8; 

Sulfated dl-a-tocopheryl /3-D-glucopyranosy!(W6)-{/3-D-gfucopyranosy[(1^6)} n -)5-D-glucopyranoside; 

Sulfated dl-a-tocopheryl a-D-gIucopyranosyl(1— 6)-a-D-g!ucopyranosyl(1 — 6)-0-D-g!ucopyranoside; 

Sulfated dl-a-tocopheryl a-D-glucopyranosy 1(1— 6)-a-D-g!ucopy ranosy 1(1— 6)-a-D-g!ucopyranosyl(1-*6)- 
p'-D-glucopyranoside; 

Sulfated dl-a-tocopheryl a-D-glucopyranosy!(1-*6)-a-D-giucopyranosyl(1-*6)-a-D-glucopyranosyl(1-*6}- 
a-D-g!ucopyranosy!(1-*6)-^-D-gIucopyranoside; 

Sulfated dl-a-tocopheryl a-D-gIucopyranosyl(1-*6)-a-D-gtucopyranosyI(1-*6)-a-D-g!ucopyranosyI(1— 6> 
a-D-glucopyranosyt{1— 6)-a-D-gIucopyranosyK1-*6)-^-D-glucopyranoside; 

Sulfated dl-a-tocopheryl a-D-g!ucopyranosyl(1- 6)-{a-D-glucQpyranosyI(1^6)} n -jS-D-glucopyranoside; 

Sulfated dl-a-tocopheryl /3-D-galactopyranosyI(1--6)-^-I>galactopyranosyI(1^6)-i3-D-galactopyranoside; 

Sulfated dl-a-tocopheryl 0-D-galactopy ranosy 1(1— 6)-^-D-galactopyranosyl(1-6)-i3-D-ga!actopyranosyl- 
(1 — 6)-/J-D-galactopyranoside; 

Sulfated dl-a-tocopheryl tf-D-galactopy ranosy 6>-i3-D-galactopyranosyl(1 -*6H-D-ga!actopy ranosyl- 
(1 — 6H-D-ga!actopyranosy 1(1— 6>/3-D-ga!actopyranoside; 

Sulfated dl-a-tocopheryl 0-D-galactopyranosyl(1--*6)-p , -D-galactopyranosyt(1- 6h3-D-ga!actopyranosyl- 
(1-*6)-)3-D-gaIactopyranosyl(1-* 6>/3-D-galactopy ranosy 1(1— 6)-^-D-galactopyranoside; 

Sulfated dl-a-tocopheryl )9-D-galactopyranosyl(t-6)-{/S-D-ga!actopyranosyl(1-6)} n -/5-D-galac- 
topyranoside; 

Sulfated dl-a-tocopheryl a-D-mannopyranosyl(1— 2)-a- D-mannopy ranosy 1(1 —2)-a-D-mannopyranoside; 

Sulfated dl-a-tocopheryl a-D-mannopyranosyl(1— 2)-a-D-mannopyranosyl(1— 2)-a-r>mannopyranosyl- 
(1-*2)-a-D-mannopyranoside; 

Sulfated dl-a-tocopheryl a-r>mannopyranosyl(1^2)-a-D-mannopyranosyl(1--2)-a-D-mannopyranosyl- 
(t^2)-a-D-mannopyranosyl(1— 2)-a-D-mannopyranoside; 

Sulfated dl-a-tocopheryl /3-E>mannopyranosyl(1-*2)-a-D-mannopyranosyl(1-*2}-a-D-mannopyranosyl- 
(1-*2)-a-D-mannopyranosyl(1— 2)-a-D-mannopyranosyl(1-*6)-a-D-mannopyranostde; and 

Sulfated dl-a-tocopheryl a -D-mannopyranosyl(1- 2)-{a-D-mannopyranosyl(1— 2)} n -a-D-man- 
noopyranoside. 

In the compounds described above, w n w designates an integer in the range of 6 to 18. 
Sulfated dl-a-tocopheryl a-D-glucopyranosy 1(1 — 4)-a-D-glucopyranosy 1(1— 3)-j8-D-glucopyranoside; 
Sulfated dl-a-tocopheryl a-D-glucopyranosy 1(1— 3)-a-D-glucopyranosyl(1— 4)-a-D-glucopyranosyl(1— 3)- 
/8-D-glucopyranoside; 

Sulfated dl-a-tocopheryl a-D-glucopyranbsyl(1— 4)-a-D-giucopyranosyl(1— 3)-a-D-glucopyranosyl(1— 4)- 
a-D-glucopy ranosy 1(1 -*3>0-D-gIucopyranoside; 

Sulfated dl-a-tocopheryl /?-D-glucopyranosyl(1— 3>a-D-glucopyranosyl(1- 4)-a-D-glucopyranosyl(1— 3)- 
a-D-g!ucopyranosyl(1- 4)-a-D-glucopyranosyl(1— 3)-/9-D-glucopyranoside; and 

Sulfated dl-a-tocopheryl a-D-gtucopyranosy!(1 -*3)-{a-D-g!ucopy ranosy 1(1— 4)-a-D-g!ucopyranosyl(1— 3)- 
}^-/S-D-g!ucopy:anosiae. 

!n tne compounds described ebove. "m" designated an integer u\ %u& range of 3 to 3. 

Ifl aOOitiOii, p-, *y~ f tr-, oho ^-ivwp»iwiyi uvnvuuW* vio «*%> »- i«vwp.iwi>» ^^».*v*w i«viv« t^, v w 

are included in the present invention. 

2) Sulfated tocopheryl oligosaccharides having different repeating monosaccharides 

Sulfated dl-a-tocopheryl 0- D-galactopy ranosy 1(1— 4)-p*- D-galactopyranosy 1(1— 4)-/3-D-glucopyranoside; 

Sulfated dl-a-tocopheryl /3-D-galactopyranosyI(1— 4)-p , -D-galactopyranosyl(1— 4)-0-D-galactopyranosyl- 
(1— 4)-/S-D-glucopyranoside; 

Sulfated dl-a-tocopheryl 0-D-galactopyranosyl(1— 4)-p > -D-galactopyranosyl(1- 4)-p'-D-galactopyranosyl- 
(1 —4)- ^-D-galactopyranosy 1(1 — 4)-p*- D-glucopy ranoside; 

Sulfated dl-a-tocopheryl p'-D-galactopyranosyl(1- 4)-£-D-galactopyranosyl(1— 4)-^-D-galactopyranosyl- 
(1— 4)-£-D-galactopyranosyl(1— 4)-p , -D-galactopyranosyl(1— 4)-0-D-glucopyranoside; 

Sulfated dl-a-tocopheryl 0-D-galactopy ranosy 1(1 -4)-{/5-D-gaiactopy ranosy 1(1 -4)}„-/?-D- 

glucopyranoside; 

Suffated dl-a-tocopheryl 0-D-galactopy ranosy 1(1— SJ-tf- D-ga!actopy ranosy 1(1— 4>p > -D-g!ucopyranoside; 
Sulfated dl-a-tocopheryl /5-D-gaIactopyranosyl(1 -6)-^-D-galactopyranosyI(1-6)-^-D-galactopyranosyl- 
(1-*4)-/3-D-glucopyranoside; 

Sulfated dl-a-tocopheryl ^-D-galactopy ranosy 1(1— 6)-/3-D-galactopyranosy 1(1— 6)-£-D-galactopy ranosy I- 
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(1— 6)-^-D-gaIactopyranosyl(1-*4)-i3-D-gIucopyranosicl8; _ • ; 

Sulfated dl-a-tocopheryl 0-D^aIactopyranosyI(1-*6)-0-D-gaIactopyranosyl(1 ^6)-^D-ga}actopy ranbsyl- 
^SJ-^-DijalactopyranosyKwe^D-galactopyranosylO^ and 

Sulfated dl-a-tocopheryl )9-D-gaIactopyranosyl(1-*6>{/9-D-ga!actopyranosyI(1-6)}p-^-D- 

5 galactopyranosy 1(1 -MJ-0-D-gIucopyranoside. 

In the compounds described above, "p" designates an integer in the range of 3 to 17. 

In addition, 0-. y, 5-. e-, J--, and Tj-tocopheryl derivatives as we!) as a-tocopheryl derivatives listed above 
are included in the present invention. 

Listings of the specific concrete derivatives of the tocopheryl oligosaccharides and the acylated 
io tocopheryl oligosaccharides according to the present invention are omitted from the above list. The 
tocopheryl oligosaccharides correspond to the compounds in which the sulfated groups of the listed 
compounds are substituted with the hydroxy groups. The acylated tocopheryl oligosaccharides correspond 
to the compounds in which the hydroxy groups of the tocopheryl oligosaccharides are substituted with the 
acyloxy groups. Therefore, both the tocopheryl oligosaccharides and the acylated tocopheryl oligosac- 
75 charides are easily understandable from the listed compounds. 

The antiviral agents according to the present invention exhibit antiviral activities against various viruses 
and ire useful in treatment of either a disease that a pathogenic virus has generated or a conjugated 
disease of the same. The antiviral agents according to the present invention have in particular improved 
antiviral activities against the AIDS virus. 
20 The mechanism of the antiviral activity of the compounds according to the present invention is not yet 
known. It may be conjectured that the compounds of the present invention have binding-inhibitory actions 
on the target cells of the virus. This is presumably due to the fact that the molecules of the compounds of 
the present invention are smaller, compared with polysaccharides, and have oleophilic groups such as 
tocopheryl groups, as well as hydrophilic groups such as hydroxy groups of sugars and the sulfuric groups. 
25 For these reasons, it may also be conjectured that the antiviral agents are easily able to approach the active 
portions of the virus. 

In antiviral agents having the sulfated tocopheryl oligosaccharides of the present invention as active 
ingredients, the percentages of the active ingredients in the antiviral agents depend on the formulations. In 
general, 0.1% - 100% of the active ingredients may be preferably included in the antiviral agents. 

30 The antiviral agents using the active ingredients described above may be administered orally or 
parenterally in the pharmaceutical dosage forms such as tablets, capsules, granules, pills, liquids, injectable 
liquids, syrups, and the like. 

The pharmaceutically acceptable excipients and additives known in the art may be used to prepare the 
above-described dosage forms of the pharmaceuticai composition. Suitable excipients include water, a 

35 physiological saline, an alcohol, polyethylene glycol, glycerol ester, gelatin, carbohydrate magnesium 
stearate. talc, and the like. Suitable additives include antiseptics, antibacterial agents, lubricants, coating 
agents, wetting agents, emulsifiable concentrates, coloring agents, masking flavors, flavors, and the like. 

Ir. general, the antiviral agents according to the present invention are ordinarily administered several 
times in dosages ranging from 0.1 mc; io 150 pe« Kg or Dody weignt per day, and uiuie pfeTe.-a^y »i 
•j<_»s?ses rannmn from 0 5 mo io 100 mg Dor kQ o) body weiqhl per dry, piifrottQii variations will necessarily 
occur depending upon the weight and conoiUou oi uiy Suufctf being treated and the particular route 2nd the 
number of daily administrations chosen. The number of administrations is decided depending on the weight 
and condition of the subject being treated and the particular route of administration chosen. It is preferable 
to administer the antiviral agents of the present invention one to three times per day. Continuous 

43 intravenous drip injection of the antivira! agent is a 'so acceptable. 

The antiviral agents according to the present invention are effective for retroviruses, and in particular for 
the treatment and prevention of AIDS caused by the HIV retrovirus. 

Furthermore, in the acute toxicity test performed for the sulfated tocopheryl oligosaccharide of the 
present invention, in which single doses were orally administered to groups of six mice, the results revealed 

so that for each of the compounds of Fxamples 9 to 14 described below, at a dosage of 1.0 g / kg, all mice 
survived. The LD50 (lethal dose 50: the dose of substance which is fata! to 50% of the test animals) of the 
oral administration of each compound according to the present invention is 1 g / kg or more. 

Examples 

55 

Hereinbelow, the preferred examples of the present invention will be explained. The examples are not 
intended in any way to limit the scope of the invention. 

In the data of the proton nuclear magnetic resonance spectrum described in this specification, the 
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chemical shift values (ppm), the integral values (the number of protons), the coupling constants (Hz), and 
the patterns are shown. With regard to signal patterns, a doublet is abbreviated as "d n , a double doublet is 
abbreviated as °dd". a triplet is abbreviated as n t", a muftiplet is abbreviated as n m TO , and a broad peak is 
abbreviated as n b n . 

5 

Example 1 

(Synthesis of acylated tocopheryl oligosaccharide) 

70 Synthesis of dl-a-tocophery! 0-r>ga!actosyl(1— 4)!actoside peracetate 

A solution of 30.8 g of /3-D-gaIactosyl-(1-*4)Iactose and 19.82 g of dl-a-tocopherol dissolved in 160 ml 
of anhydrous methylene chloride was reacted with 5.8 ml of trimethylsilyl triflate for 22 hours at -11 * C in a 
stream of nitrogen gas. After completion of the reaction, 3.7 ml of triethy (amine was added to the reaction 
75 mixture and stirred for 10 minutes. The stirred reaction mixture was subjected to the conventional after- 
treatment. The obtained crude product was purified by column chromatography on silica gel (eluate: 
hexane/ether = 1/1 in volume), whereby the desired oily 0-anomer derivative was obtained in the amount of 
12.74 g. 

Specific rotation [afo = -1 .51 * 
20 (c = 1.05, chloroform, 30° C) 

Proton nuclear magnetic resonance spectrum 

(CDCb) (tetramethylsilane basis) ppm 
(1) the terminal galactose moiety: 



1 -position 


4.50 


d 


8 Hz . \ 


2-position 


5.17 


dd 


8 Hz, 10 Hz 


3-position 


5.01 


dd 


10 Hz, 3.2 Hz 


4-position 


5.37 


dd 


3.2 Hz, ca. 1 Hz 


5-position 


3.69 


bt 


6 Hz 


6-position 


ca. 4.1 


m 


(2H) 



(2) the intermediate galactose moiety: 



35 



AO 



1 -position 


4.42 


d 


8 Hz 


2-position 


4.97 


dd 


8 Hz, 10 Hz 


3-position 


4.88 


dd 


10 Hz. 3.2 Hz 


I 4-pcsi-*Uil 


ca. 4.12 




• « 

I 




3.B3 


bx 


6 H> j 


j 6a-posiuOii 


4.33 




4.2 Hz, 12 Hz j 


I 6b-position 


4.16 


s 


6.8 Hz, 12 Hz j 



(3) tho glucose moiety: 

45 



1 -position 


4.66 


d 


7.2 Hz 


2-position 


5.2 - 5.27 






3-position 


5.2 - 5.27 






4-position 


ca. 3.87 






5-position 


3.42 


m 




6a-position 


4.39 


bdd 




6b-position 


ca. 4.1 







55 (4) the tocopheryl moiety and the acetyl moiety: 



8 



EP 0 506 048 A1 



2.55 


t 2H J = 6.4 Hz 






the benzyl group 




1.98-2.17 


39H 






the acetytmethyl moiety, and 






the tocopheryl aromatic methyl moiety 




0.8-1.9 


38H 





10 

Example 2 

(Synthesis of tocopheryl oligosaccharide) 

75 Synthesis of d)-a-tocopheryl 0-r>galactosyl(1— 4)!actoside 

55 ml of 0.1 N sodium methoxide solution in methanol was added to a solution of 11.42 g of the 
compound obtained in Example 1 dissolved En 144 ml of methanol after 15 minutes in a stream of nitrogen 
gas. The mixture was stirred for 5 hours at room temperature. After removal of the insoluble matter from the 
20 mixture by filtration, 5 ml of Amberlite IR-120® (H type) was added to the filtrate and then the filtrate 
mixture was stirred for approximately 30 minutes. The filtrate without the resin was concentrated, whereby 
the desired product was obtained in the amount of 7.78 g. 
Specific rotation [a] D = +5.2° 

(c = 0.52, methanol, 32 *C) 
25 Infrared spectrum (main absorption value) (cm" 1 ) 

3400, 2950. 1640. 1560, 1380, 1250, 1060 
Proton nuclear magnetic resonance spectrum 
(CCbOD) (tetramethylsilane basis) ppm 



4.39 


d 1H J = 7.2 Hz 
the anomeric proton 


4.46 


d 1H J = 7.2 Hz 
the anomeric proton 


4.53 


d 1H J = 7.2 Hz 
the anomeric proton 


3.2-4.1 


the other protons of the sugar ring 


I 


rr. 2H » 

i 

Li lis Kr\^ii^jt lltvivtjf | 


2.22, 2.18, 2.04 


3H x 3 

the methyl protons in the aromatic ring 


1.77 

0.85- 1.65 


m 2H 

3SH 



Example 3 

50 

(Synthesis of acylated tocopheryl oligosaccharide) 

Synthesis of dl-o -tocopheryl /S-D-glycosyl(1— 3)-{)5-D-glycosyl(1-*3)}3-/5-D-glycoside peracetate 

55 One g of /S-D-glycosyi(1^3)-{/9-I>glycosy?(1— 3)} 3 -/S-Og!ucose peracetate and 0.56 g of dl-o-tocopherol 
were dissolved in 10 ml of anhydrous methylene chloride. Molecular sieves 4A were added to the solution 
and then cooled to -8*C under an argon atmosphere. The cooled mixture was reacted with 0.125 ml of 
trimethylsifyl triflate for 4 hours under an argon atmosphere. 



9 



EP 0 506 048 Al 



After completion of the reaction, 0.09 ml of trimethylamine was added to the feacliorf mixture ang trjen 
stirred for 30 minutes. The reaction mixture was subjected to the conventional after-treatment. The obtained 
crude product was purified by column chromatography on silica gel (eluate: hexane/ethyl acetate = 2/3 in 
volume), whereby 0.548 g of the desired /9-anomer derivative was obtained in the form of white solid. 
5 Specific rotation [a] D = -43.9* 

(c = 1.0. chloroform, 28 °C) 
Mass spectrum (FD method) (main peak, m/z) 

1935 (M* + Na) 
Proton nuclear magnetic resonance spectrum 
70 (CDCI 3 ) (tetramethylsilane basis) ppm 



0.83- 1.90 


38H 

the alkane protons of the topopheryl moiety 


1.97-2.22 


57H 

the acetylmethyl moiety, and 

the tocopheryl aromatic methyl moiety 


2.55 


2H 

the benzyl position 


3.4 - 5.06 


35H 

the protons of sugar residues 



The characteristic peaks: 



4.39,4.41,4.51,4.52, 4.58 


J = 8 Hz (each) 

each 1 -positional proton 


5.12 


t J = 9.2 Hz 

the 3-positiona! proton of the terminal sugar located 
at the opposite side of the tocopheryl moiety 


5.30 


dd J = 8.0 Hz, 9.6 Hz 

the'2-posittona! proton of the sugar having the 
tocopheryl group 



(Synthesis oi iocuphbiy) oligosaccharide) 

Synthesis of dl-a -tocopheryl /3-D-glycosyl(1— 3)-{^-D-grycosyl(1— 3)>3-0-D-glycoside 

12.5 m! o? 0.1 N sodium meihexide solution in methanol was added to the solution of 0.50 g of di-a- 
tocopheryl /3-D-g!ycosyl(1— 3)-{0-D-giycosyl(1-*3)}3-0-D-glucose peracetato obtained in Example 3 dis- 
solved in 50 ml of methanol and then stirred for 28 hours at room temperature. The precipitated white solid 
was isolated by filtration under reduced pressure, subsequently washed with methanol, and then dried, 
whereby the desired product was obtained in the amount of 0.291 g. 
Specific rotation [o] D = -4.2* 

(c = 0.56, dimethy {sulfoxide. 26 *C) 
Infrared spectrum (main absorption value) (cm** 1 ) 

3400, 2940. 1640, 1560. 1380, 1250, 1180, 1080, 1040 
Mass spectrum (FD method) (main peak, rn/z) 

1263 (M* + Na) 
Proton nuclear magnetic resonance spectrum 
((CD 3 )2SO) (tetramethylsilane basis) ppm 
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0.81 - 1.60 


36H 

the aikane protons of the topophery! moioty 


1.73 


2H 


2.08 


2H 

the benzyl position 


1.98, 2.14, 2.16 


3Hx 3 

the aromatic methyl protons 


3.0 - 3.8 


30H 

the protons of sugar rings (2-position - 6-position) 


4.3 ~ 5.5 


21 H 

the protons of the alcoholic hydroxy group, and 
the anomeric protons 



Example 5 

(Synthesis of acyfated tocopheryl oligosaccharide) 

Synthesis of dl-a-tocopheryl /9-D-g!ucosyl(1— 3)-{)3-D-gfucosyl(1-*3)}7-/3-D-gIucoside peracetate 

0.50 g of 0-D-gtucosyf(1-* 3)-{jS-D-g!ucosyl(1— 3)}7-0-D-g!ucose peracetate was reacted with 0.30 g of 
dl-a-tocopherol and then subjected to the after-treatment according to the procedures described in Example 
3, whereby 0.22 g of the desired product was obtained in the form of white solid. 
Specific rotation [afo = -46.2* 

(c = 0.20, chloroform, 28 °C) 
Mass spectrum (FD method) (main peak, m/z) 

3087 (M* + Na) 
Proton nuclear magnetic resonance spectrum 
(CDCI3) (tetramethylsilane basis) ppm 



0.83-1.90 


38H 

the aikane protons of the topophery I moiety 


1.97-2.22 


93H 


| 

i 


rho tcccphery? fv-o momy* •r.cjcty 


■■ 

2.55 


2H 

the benzyl position 


3.4 - 5.06 

f 


63H 

the protons of sugar residues 



The characteristic peaks: 



60 



55 
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4.39 - 4.59 


1H x 9 J « 8 Hz (each) 
1 -positional protons 


5.12 


1H t J = 9.2 Hz 

the 3-positional proton of the terminal sugar located 
at the opposite side of the tocopheryl moiety 


5.30 


1H dd J = 8.0 Hz, 9.6 Hz 

the 2-positrona) proton of the sugar having the 

tocopheryl moiety 



Example 6 

75 (Synthesis of tocopheryl oligosaccharide) 

Synthesis of d!-a-tocopheryl 0-OgIucosy!{1— 3)-{/3-D-glucosyl(1-*3)}7-0-D-glucos:de 

Sixteen m! of 0.1 N sodium methoxide solution in methanol was added to the solution of 0.10 g of d!-a- 
20 tocopheryl /S-D-gIucosyl(1-** 3)-{0-D-glucosyl(1-*3)}7-/3-D-glucoside peracetate obtained in Example 5 dis- 
solved in 50 ml of methanol and then stirred for 28 hours at room temperature. The precipitated white solid 
was isolated by filtration under reduced pressure, washed with methanol, and then dried, whereby the 
desired product was obtained in the amount of 0.055 g. 
Specific rotation [a]o = -5.8 * 
25 (c = 0.40, dimethylsuifoxide, 30 * C) 

Infrared spectrum (main absorption value) (cm*" 1 ) 

3400, 2940, 1640, 1560, 1380. 1250, 1180, 1080, 1040 
Mass spectrum (FD method) (main peak, m/z) 
1911 (M* + Na) 

30 (M* indicates the molecular ion peak of the desired product) 

Proton nuclear magnetic resonance spectrum 
((CDs k SO) (tetramethylsiiane basis) ppm 



0.81 - 1.60 


36H 

the alkane protons of the topopheryl moiety 


1.73 


2H 


1 . * 


1.98, 2.14, 2.16 


3H x 3 

the aromatic methyl protons 
(2-position - 6-position) 


4.3 ~ 5.5 


37H 

the protons of the alcohotic hydroxy group, and 
the anomeric protons 



so Example 7 

(Synthesis of acylated tocopheryl oligosaccharide) 

Synthesis of dl-a-tocopheryl 0-D-galactosyl(1^4)-0-D-galatfosyl(W4)!atfosid© peracetate 

55 

A solution of 4.48 g of £-D-galactosyf(1— 4)-0-D-galartosyl(1-*4)!actose peracetate and 3.04 g of dl-a- 
tocopherol dissolved in 12 ml of anhydrous methylene chloride was reacted with 0.58 ml of trimethylsilyl 
triflate for 24 hours at -1 1 • C under an argon atmosphere. After completion of the reaction, 0.37 ml of 
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triethylamine was added to the reaction mixture and then stirred for 30 minutesr^Ffce-mixture was subjected 
to the conventional after-treatment. The obtained crude product was purified by column chromatography on 
silica gel (eluate: hexane/ethyl acetate = 1/2 in volume), whereby 2.46 g of the desired £-anomer derivative 
was obtained in the form of oil. 
5 Specific rotation [afe = -0.78* 

(c = 1.0, chloroform, 28° C) 
Proton nuclear magnetic resonance spectrum 
(CDCi 3 ) (tetramethylsilane basis) ppm 
(1) the terminal galactose moiety: 



75 



1 -position 


4.44 


1H 


d 


8 Hz 


2-position 


5.20 


1H 


dd 




3-position 


5.00 


1H 


dd 


11 Hz. 3 Hz 


4-position 


5.37 


1H 


dd 


3 Hz 


5-position 


3.85 


1H 


bt 




6-position 


4.11 


2H 


m 





(2) the intermediate galactose moiety of the terminal galactose moiety side: 



1 -position 


4.37 


1H 


d 


8 Hz 


2-position 


4.94 


1H 


dd 


8 Hz, 10 Hz 


3-position 


4.84 


1H 


dd 


10 Hz, 3 Hz 


4-position 


4.11 


1H 


m 




5-position 


3.68 


1H 


bt 




6a-position 


4.18 


1H 


dd 


7 Hz, 12 Hz 


6b-position 


6.40 


1H 


dd 





(3) the intermediate galactose moiety of the glucose moiety side: 



35 



1 -position 


4.43 


1H 


d 


8 Hz 


2-position 


5.03 


1H 


dd 


8 Hz, 10 Hz 


3-position 


4.89 


1H 


dd 


10 Hz, 3 Hz 


4-position 


4.11 


1H 


m 




5-position 


3.64 


1H 


bt 




6a-position 


4.15 


1H 


dd 


7 Hz, 12 Hz 


i 


4.33 




sir* 





40 

(4) the glucose moiety: 



1 -position 


4.66 


1H 


d 


8 Hz 


2-position 


5.25 


1H 


dd 


8 Hz, 10 Hz 


3-position 


5.20 


1H 


dd 


10 Hz, 8 Hz 


4-position 


3.84 


1H 


t 




5-position 


3.42 


1H 


m 




6a-position 


4.11 


1H 


m 




6b-position 


4.38 


1H 


m 





(5) the tocopheryl moiety and the acetyl moiety 



55 
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I 2.55 


2Ht 




the benzyl group 


1.97-2.20 


39H 




the acetylmethyl moiety, and 




the tocopheryl aromatic methyl groups 


0.8-1.9 


38H 




the alkyl groups 



Example 8 

(Synthesis of tocopheryl oligosaccharide) 

75 

Synthesis of dl-a-tocopheryl /3-D-gaiactosyl(1— 4)-0-D-galactosyl(1-4)-/3-r>Iactoside 

Sixteen ml of 0.1 N sodium methoxide solution in methanol was added to a solution of 1.23 g of the 
compound obtained in Example 7 dissolved in 36 m! of methanol after 30 minutes under an argon 
20 atmosphere. The mixture was stirred for 7 hours at room temperature. An ion exchange resin, Amberlite IR- 
120 ® (H* type) was added to the reaction mixture and then stirred for 15 minutes. The mixture from which 
the ion exchange resin was removed was concentrated, whereby the desired product was obtained in the 
amount of 0.78 g. 

Specific rotation [afo = +17.3' (c = 0.53, methanol, 30 ° C) 
25 Infrared spectrum (cm - * 1 ) 

3400, 2950, 1640, 1460, 1380, 1250, 1060 
Proton nuclear magnetic resonance spectrum 
(CD3OD) (tetramethylsilane basis) ppm 



30 



35 



45 



4.40 


d 1H J = 12. Hz 
the anomeric proton 


4.45 


d 1H J = 7.2 Hz 
the anomeric proton 


4.47 


d 1H J = 7.2 Hz 
the anomeric proton 


4.54 

s 


d ?H J = 7.2 Hz 
S the z~: P ro-n 


3.2 4.0 


the ether preterms cf the sug^r ring 


2.58 


m 2H 

the benzyl position 


2.22, 2.18, 2.04 


3H x 3 

the methyl protons in the aromatic ring 


1.78 
0.85-1.65 


m 2H 
36H 



50 

Example 9 

(Synthesis of sulfated tocopheryl oligosaccharide) 

55 Synthesis of sulfated dl-a-tocopheryl 0-D-galactosyI(1-*4)!actoside 

8.67 g of sulfur trioxide pyridine complex was added to a solution of 1.54 g of dl-o-tocopheryl 
gaiactosyI(1 — 4)Iactoside dissolved in 77 ml of pyridine at 84 *C under an argon atmosphere and then 
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stirred for 1.5 hours at 86 *C. 24 ml of the ion exchange water was added to tire reaction mixture _and then_j_ 
stirred for an hour. Subsequently, the reaction solution was allowed to stand at room temperature. 

40 % of the reaction solution was subjected to the following treatment: 0.5 N sodium hydroxide solution 
was added to the reaction solution so that the pH of the reaction solution was approximately 10. 
s Subsequently, 75 ml of the ton exchange water was added to the reaction solution. The desaftation of the 
reaction product was carried out using a "MAIKUROASHIRAIZA©" (a desalting device, produced by 
ASAHIKASEI INDUSTRIES Co., Ltd.). After concentration of the resulting solution, precipitation was 
achieved by adding acetone thereto. The obtained precipitate was washed with acetone and subsequently 
dried, whereby the desired product was obtained in the amount of 1.8 g. As a result of analysis, the 
70 sulfation index was 63.0%. 

Specific rotation [ah = -2.2" 

(c = 1.19, H2O, 32-C) 
Infrared spectrum (cm" 1 ) 

3500, 2920, 1250, 1120, 800. 610 

75 

Example 10 

(Synthesis of sulfated tocophery) oligosaccharide) 

20 Synthesis of sulfated ester sodium salt of dl-a-tocopheryl 0-D-g!ucosyI(1— 3H0-D-g!ucosyI{1-*3)} 3 -0-D- 
glucoside (1) 



0.5 g of sulfur trioxide pyridine complex was added to a solution of 0.12 g of dl-a-tocopheryl 0-D- 
glucosyl(1— 3)-{/?-D-glucosyl(1-*3)} 3 -0-D-gIucoside dissolved in 10 ml of anhydrous pyridine at 84* C in a 
25 stream of argon gas and then stirred for 1 .5 hours at 70 * C. After the reaction mixture was cooled to room 
temperature, 10 ml of the ion exchange water was added to the reaction mixture and then stirred for an 
hour. Subsequently, 0.5 N sodium hydroxide solution was added to the mixture so that the pH of the mixture 
was approximately 10. 

After the mixture was concentrated under reduced pressure at 40 # C, 10 ml of the ion exchange water 
30 was added to the concentrated mixture. The desaltation of the reaction product was carried out using a 
"MAIKUROASHIRAIZA®" (a desalting device, produced by ASAHIKASEI INDUSTRIES Co., Ltd.) for 16 
hours. After concentration of the resulting solution, precipitation was achieved by adding acetone thereto. 
The obtained precipitate was washed with acetone and subsequently dried, whereby the desired product 
was obtained in the amount of 0.25 g. As a result of analysis, the sulfation index of the hydroxy groups was 
35 70%. 

Specific rotation fab = -7.9' 

(c = 1.0. H 2 0,32'C) 
if-rared spectrum (cm -1 ) 

3500, 2950, '640 12o0 11 20. 310, (HO 
cj tiwC^ar mz.^~ctc "ccc^~*^ , "'o *r r> f*c* , L ,M '* 

(D2O) ppm 



0.8- 1.9 


38H 

the aikane protons of the topopheryl moiety 


2.15 


2H 

the benzyl position 


2.24, 2.28, 2.31 


3Hx 3 

the aromatic methyl protons 


3 / ~ 5.5 


35H 

the protons of sugar residues 



Example 1 1 

(Synthesis of sulfated tocopheryl oligosaccharide) 
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Synthesis of sulfated ester sodium salt of dl-a-tocopheryl ^D-g!ucosyI(W3h{j8-D-g!ucosyI{1-3)}9-iSrD. 
glucoside (2) 

0.6 g of sulfur trioxide pyridine complex was added to a solution of 0.15 g of dl-a-tocopheryl /9-D- 
s g!ucosyI(1— 3)-{£-D-g!ucosy!(1— 3)} 3 -£-D-g!ucoside dissolved in 11 ml of anhydrous pyridine at 84* C in a 
stream of an argon gas and then stirred for 6 hours at 70 'C, according to the procedures described in 
Example 8. After the reaction mixture was cooled to room temperature, 10 m! of the ton exchange water 
was added to the reaction mixture and then stirred for an hour. Subsequently, 0.5N sodium hydroxide 
solution was added to the mixture so that the pH of the mixture was approximately 10. 
io After the mixture was concentrated under reduced pressure at 40" C, 10 ml of the ion exchange water 
was added to the concentrated mixture. The desaltation of the reaction product was carried out using a 
column chromatography on Sephadex®. After the fraction including the desired product was concentrated to 
half in volume, the precipitate was occurred by adding acetone thereto. The obtained precipitation was 
washed with acetone and subsequently dried, whereby the desired product was obtained in the amount of 
15 0.28 g. As a result of analysis, the sulfation index of the hydroxy groups was 86%. 
Specific rotation [a] D = -7.8* 

(c = 1.0, H 2 0,28-C) 
Infrared spectrum (cm -1 ) 

3500, 2950. 1640, 1240, 1120, 810, 610 

20 

Example 12 

(Synthesis of sulfated tocopheryl oligosaccharide) 

25 Synthesis of sulfated ester sodium salt of dl-a-tocopheryl /8-D-glucosyt(1-*3)-{^-D-gfucosy!(1-*3)}7-)3-D- 
glucoside 

0.7 g of sulfur trioxide pyridine complex was added to a solution of 0.04 g of dl-a-tocopheryl /S-D- 
glucosyl(1— 3)-{0-D-glucosyl{1— 3} 7 -/J-D-gtucoside dissolved in 10 ml of anhydrous pyridine at 84 *C in a 
30 stream of an argon gas and then stirred for 7.5 hours at 70 "C. After the reaction mixture was allowed to 
cool at room temperature, 10 ml of the ion exchange water was added to the reaction mixture and then 
stirred for an hour. Subsequently, 0.5 N sodium hydroxide solution was added to the mixture so that the pH 
of the mixture was approximately 10. 

After the mixture was concentrated under reduced pressure at 40° C F 10 ml of the ion exchange water 
35 was added to the concentrated mixture. The desaltation of the reaction product was carried out using a 
column chromatography on Sephadex®. After the fraction including the desired product was concentrated to 
half in volume, the precipitation was achieved by adding acetone thereto. The obtained precipitate was 
waited vviUr Suet-ne zed zr^zz^zzr*:; cr:ea *v^?'eby f rt 9 deseed product was obtained ;n the arr.cjr:? c! 
G C52 g. A3 a rc3;;;t c: analysis, the si»!:5 : . : o* »ic^x f« Tr.z Iv/drcxy crcjps wzz 76%. 
40 Specific rotation \n J* = -6.5 ° 

(c~= 0.2, H 2 0,29*C) 
Infrared spectrum (cm~ 1 ) 

3500, 2950. 1640, 1250, 1120, 810, 610 
Proton nuclear magnetic resonance spectrum 
45 (D2O) pprn 



0.8- 1.9 


38H 

the alkane protons of the topopheryl moiety 


2.15 


2H 

the benayl position 


2.24, 2.28, 2.31 


3Hx 3 

the aromatic methyl protons 


3.7 - 5.5 


35H 

the protons of the sugar moieties 
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Example 13 _ 

(Synthesis of sulfated tocopheryl oligosaccharide) 

Synthesis of sulfated dl-a-tocophery) 0-D-ga!actosy!(1— 4)-/3-D-galactosyl{1— 4)-/3-D-lactoside 

1.61 g of sulfur trioxide pyridine complex was added to a solution of 0.28 g of dl-a-tocopheryl /3-D- 
galactosyl(1-*4)-0-D-galactosyt(1-*4)-/3-D-iactoside dissolved in 11 ml of anhydrous pyridine at 51* C in a 
stream of an argon gas and then stirred for one hour at 51 *C. The mixture was stirred for 10 minutes at 
81 *C and then stirred for 1.5 hours at 51 'C. After the generated syrupy precipitate was isolated using 
pyridine by decantation, 4 ml of ion exchange water was added to the syrupy product, and then stirred for 
one hour at room temperature. Subsequently. 0.5N sodium hydroxide solution was added to the mixture so 
that the pH of the mixture was approximately 10. 

After the mixture was concentrated under reduced pressure, 0.57 g of crude product was obtained. 
Seventeen * ml of ion exchange water was added to the crude product. The desaltation of the product was 
carried out using a column chromatography on Sephadex®. After the fraction including the desired product 
was concentrated to 1.5 ml, the precipitation was achieved by adding ethanol thereto. The obtained 
precipitate was filtrated and subsequently dried, whereby the desired product was obtained in the amount of 
0.37 g. As a result of analysis, the sulfation index was 99.0%. 
Specific rotation [ah = -2.1 ° 

(c = 0.51, H 2 0, 30- C) 
Infrared spectrum (cm" 1 ) 

3500, 2950, 1640, 1250, 1020, 820, 590 

Example 14 

(Synthesis of sulfated tocopheryl oligosaccharide) 

Synthesis of sulfated dJ-a-tocopheryl £-D-galactosyl(1-*4)-0-D-galactosyI(1— 4)-0-D-lactoside 

1.61 g of sulfur trioxide pyridine complex was added to a solution of 0.28 g of dl-a-tocopheryl 
galactosyl(1-*4)-^-D-galactosyl(1-»4)-^-D-lactoside dissolved in 11 ml of anhydrous pyridine in a stream of 
argon gas and then stirred for 1.5 hour at 84 *C. The generated syrupy precipitate was subjected to a 
treatment similar to that as described in Example 3, whereby the desired product was obtained in the 
amount of 0.3 g. As a result of analysis, the sulfation index was 86.0%. 
Specific rotation [a Id = -1 .2 * 

(c = 0.51, H2O, 30' C) 
Infrared spectrum (cm* 1 ) 

35uu. 2;;ou\ 1 c :u, 1250, 1020, 

Anti-HiV as^ay 

Activity of the compound against HIV-1 replication was based on the inhibition of virus induced 
cytopathogenicity in MT-4 cells. MT-4 cells were suspended in culture medium at 2.5 x 10 4 cells/ml and 
infected with H-V-1 at a multiplicity of infection (MO!) of 0.01. 100 ul of cell suspension was brought into 
microtiter tray wells containing various concentrations of the test compounds. 

After 5 days of incubation at 37 *C using a CO2 incubator, the number of viable cells was determined 
by the MTT method. 

The inhibitory effect on host cell viability (cytotoxicity) was also determined by the MTT method. All 
activities of the compounds are expressed as 50% inhibitory concentration, i.e., the concentration required 
to reduce the number of HIV-1 -infected MT-4 cells or mock-infected MT-4 cells by 50%. These are 
expressed using ECso and CC50. SI is expressed by the ratio of CCso / EC50. (Reference document: 
Pauwels, et aJ.. J. Virol Methods. 20 (1988) 309 - 321). 

According to this method, the anti-HIV assay was carried out using the compounds obtained in 
Examples 9 to 14. In addition, AZT (3 : -az!do-3'-deoxythymidine) known as an anti-AIDS agent was 
employed as a comparative example. 

The results are shown in Table 1 . 

As will be apparent from the results shown in Table 1, the sulfated tocopheryl oligosaccharides 
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according to the present invention exhibit superior effectiveness in SI. 

Table 1 



Example No. 


CCso (ug/m!) 


ECso (ug/mi) 


SI 


9 


606 


1.03 


587 


10 


>480 


0.52 


>920 


11 


>480 


0.45 


>10fJ0 


12 


>480 


0.44 


>1000 


13 


621 


0.43 


1444 


14 


656 


0.57 


1151 


AZT 


2.88 


0.0013 


2160 



75 

Hereinafter, formulation examples of the antiviral agents according to the present invention are shown. 
Formulation Synthesis Example 1 

20 



Compound obtained in Example 9 


50 mg 


Starch 


25 mg 


Lactose 


116 mg 


Talc 


6 mg 


Magnesium stearate 


3 mg 




Total 200 mg 



The starch and lactose listed above were added to the ground compound obtained in Example 9. A 
starch paste was added to the mixture, and then the mixture was stirred to form granules. The granules 
were dried and graded. The talc and magnesium stearate listed above were added to the graded granules, 
and the mixture was subjected to formulation into tablet according to the conventional method, whereby a 
tablet weighing 200 mg was formed. 

Formulation Synthesis Example 2 







! " 
i 


30 mn ! 


Lactose 


110 mg 


Talc 


7 mg 


Magnesium stearate 


3 mg 




Totai 200 mg 



A tablet weighing of 200 mg was formed by repeating the same procedures described in Formulation 
Example 1 . except that the compound obtained in Example 1 0 was used instead of the compound obtained 
in Example 9. 

Formulation Synthesis Example 3 



55 
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Compound obtained in Example 1 1 


50 mg 


Starch 


30 mg 


Lactose 


110 mg 


Talc 


7 mg 


Magnesium stearate 


3 mg 




Total 200 mg 



A tablet weighing 200 mg was formed by repeating the same procedures described in Formulation 
70 Example 1 , except that the compound obtained in Example 1 1 was used instead of the compound obtained 
in Example 9. 

Formulation Synthesis Example 4 

75 



Compound obtained in Example 12 


25 mg 


Starch 


23 mg 


Lactose 


50 mg 


Magnesium stearate 


2 mg 




Total 100 mg 



The starch, lactose, and magnesium stearate listed above were added to the ground compound 
25 obtained in Example 12. The mixture was fully mixed and then packed into a capsule. 

Formulation Synthesis Example 5 

500 mg of the compound obtained in Example 13 was dissolved in a physiological saline sterilized in an 
30 autoclave, with the resulting volume of the solution being 10 ml. The solution was placed in a dry-sterilized 
ampule, whereby a liquid in the volume of 10 ml was formed. 

Formulation Synthesis Example 6 

35 500 mg of the compound obtained in Example 14 was dissolved in a physiological saline. The solution 
was subjected to a similar treatment as described in Formulation Example 4, whereby a liquid in the volume 
of 10 ml was formed. 

Fomnu"a1?Oii Syrnliasis txarr.ois 7 

A ground mixture of bUU mg of ihe compound trained ir. Example 0, 1000 mg of rnannito*. f»n(i 400 mg 
of disodium phosphate were placed in a dry-sterilized ampul, whereby an ampul in the volume of 10 ml was 
formed. 

45 Formulation Synthesis Exarr.plo 8 

A ground mixture of 1.25 g of the compound obtained in Example 10 and 1 g of disodium phosphate 
were placed in a dry-sterilized vial, whereby a packed intraveneous drip vial was formed. 

50 Claims 

1. A tocopheryl oligosaccharide wherein the hydrogen atom of the hydroxy group at the 1 -position in the 
terminal sugar moiety of an oligosaccharide which consists of identical or different repeating monosac- 
charide units which are glycoside-linked, is substituted by a tocopherol group. 

55 

2. A tocopheryl oligosaccharide wherein the hydrogen atom of the hydroxy group at the 1 -position in the 
terminal sugar moiety of an oligosaccharide which consists of identical or different repeating monosac- 
charide units which are glycoside-linked, is substituted by a tocopherol group; and wherein each of any 



19 



EP 0 506 048 A1 



hydroxy group of the sugar moiety, other than the hydroxy group at the 1 -position in "the terminalsugar 
moiety of the oligosaccharide, is protected by an acyl group. 

a A tocopheryl oligosaccharide as recited in one of Claims 1 and 2, wherein the monosaccharide unit of 
s the oligosaccharide is a monosaccharide selected from the group consisting of glucose, galactose, 
mannose, talose, idose. altrose. allose, glucose, xylose, arabinose, rhamnose. fucose, and fructose. 

4. A tocopheryl oligosaccharide as recited in one of Claims 1 through 3, wherein the oligosaccharide 
includes the monosaccharide units in the range of 3 to 20. 

70 

5. A tocopheryl oligosaccharide as recited in one of Claims 1 and 2, wherein the oligosaccharide including 
different repeating monosaccharide units is a galactose-type oligosaccharide in which galactose is 0- 
(1— 4)-glycoside-!inked at the 4-position in the galactose moiety of lactose and in which galactose 
moieties are 0(1— 4)-glycoside- linked in succession to the newly formed terminal galactose moieties. 

75 

6. A tocopheryl oligosaccharide as recited in Claim 5, wherein the oligosaccharide includes the monosac- 
charide units in the range of 3 to 20. 

7. A tocopheryl oligosaccharide as recited in one of Claims 1 through 6, wherein the tocopheryl group is 
20 one selected from the group consisting of a-, 7-, 5-, f-, and ^-tocopheryl groups. 

a A sulfated tocopheryl oligosaccharide or the biologically acceptable salt of the same, wherein the 
hydrogen atom of the hydroxy group at the 1 -position in the terminal sugar moiety of an oligosac- 
charide, in which identical or different repeating monosaccharide units are glycoside-linked, rs substi- 
25 tuted by a tocopherol group; and wherein each of any hydroxy group of the sugar moiety other than the 
hydroxy group at the 1 -position in the terminal sugar moiety of the oligosaccharide is sulfated in the 
range of 10.0% to 100.0%. 

9. A sulfated tocopheryl oligosaccharide or the biologically acceptable salt of the same as recited in Claim 
30 8, wherein the monosaccharide unit of the oligosaccharide is a monosaccharide selected from the 

group consisting of glucose, galactose, mannose, talose, idose, altrose, allose, glucose, xylose, 
arabinose, rhamnose, fucose, and fructose. 

10. A sulfated tocopheryl oligosaccharide or the biologically acceptable salt of the same as recited in one 
35 of Claims 8 and 9, wherein the oligosaccharide includes the monosaccharide units in the range of 3 to 

20. 

It. A i-jirelvo Ter.r.r,:™/! z\:gzzzzcr.z::c? or s ?*o : f > 2 5 n*>»y pcceo^'ae s«»! of the same as recited ;r. C!a;^ 
0, ;vncrc:n xr.o c::gcs2cch?r!'; : e ;.-r .3 in^erer.* repeating rr.cnceacchcrrdc \:r.:\z \t 2 g^zctose-rype 
<o o!igosacchartn« in whicn galactose is ^(W4)-gIycobIJo-IIi»K^J 'J;o v-pcsltlcr. :r. t!~.e ge!ectcce mcicty 
of lactose and in which galactose moieties are 0(1— 4)-giycoside- linked in succession to the newly 
formed terminal galactose moieties. 

12. A sulfated tocopheryl oligosaccharide or the biologically acceptable salt of the same as recited in Ctesm 
45 11, wherein the oligosaccharide includes the monosaccharides in the range of 3 to 20. 

13. A sulfated tocopheryl oligosaccharide or the biologically acceptable salt of the same as recited in one 
of Claims 8 through 12, wherein the tocopheryl group is one selected from the group consisting of a-, 
0-. 7-, 5-, f-, and Tj-tocopheryl groups. 

50 

14. An antiviral agent including a sulfated tocopheryl oligosaccharide or the biologically acceptable salt of 
the same as recited in one of Claims 8 through 13, as an active ingredient. 

15. An antiviral agent as recited in Claim 14, wherein the virus is a retrovirus. 

55 

16. An antiviral agent as recited in Claim 15, wherein the virus is the HIV retrovirus. 

17. A pharmaceutical composition comprising a sulfated tocopheryl oligosaccharide or the biologically 
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acceptable salt of the same as recited in one of Claims 8 through 13, as^n-aetive-ingredient. 

18. A pharmaceutical composition as recited in Claim 17, further comprising at least one pharmaceutical^ 
acceptable excipients and additives. 

19. A Pharmaceutical composition as recited in Claim 18, the pharmaceutical!/ acceptable excipient is at 
least one substance selected from the group consisting of water, a physiological saline, an alcohol, 
polyethylene glycol, glycerol ester, gelatin, carbohydrate magnesium stearate, and talc. 

20. A pharmaceutical composition as recited in Claim 18. the pharmaceuticaily acceptable additive is at 
least one substance selected from the group consisting of antiseptics, antibacterial agents, lubricants, 
coating agents, wetting agents, emulsifiable concentrates, coloring agents, masking flavors, and flavors. 
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